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INTRODUCTION
The survival of high-mountain plant communities is currently under threat from a range of causes, all of which have an anthropic origin and can be grouped under the phenomenon known as global change. This is a flora with a large number of endemisms, formed mainly by perennial species which are usually very old and slow-growing (PAULI & al., 2004; GAVILÁN, 2010) . The assessment of some of their abiotic and biotic features has not been studied in depth in relation to their current degree of threat from climate change and their predicted extinction rates (GAVILÁN & al., 2002; ESCUDERO & al., 2004; GUTIÉRREZ-GIRÓN & GAVILÁN, 2010) .
The effects of global climate change on these organisms and on the communities they form are still not well known, but alpine areas can provide an ideal natural laboratory for ecological research into climate impact, as they are fragile environments where biodiversity losses may be considerable due to the high degree of endemism and the spatially limited distribution area of many highmountain species (THEURILLAT & GUISAN, 2001; PAULI & al., 2004; GAVILÁN & GUTIÉRREZ-GIRÓN, 2009) .
As evidence of the change that has been observed in the high mountains, orophytes, in general, are expected to face a downward trend, while species that are more or less adapted to warmer conditions will show positive trends, and their presence is predicted to increase. This fact has not been found in isolated mountain systems but on larger scales, and especially in temperate Europe during the last decade . Furthermore, the mean of the species whose niche is found at high altitudes has shifted upward. However, this trend is reversed depending on the location of the mountain, and species richness in boreal (circumboreal) or temperate areas has been quantified into 3.9 species in the area as a whole, compared to the response negative (-1.4 species) in the mountains of southern Europe with a Mediterranean climate, probably due to the reduced availability of water in these areas in the last decade. The loss of biodiversity in Europe is therefore a cause for concern, as although there may be an average increase in all mountain areas, there appears to be a clear and continuous decline in species richness in Mediterranean areas, which are also the richest sources of endemic plants (WALTER & al., 2005 .
The objective of this study was to determine the relationships between two relatively distant summit areas (approx. 300 km) in central Spain, through the comparison of two high-mountain grasslands growing on calcareous substrata. The two mountain ranges were the Gúdar and Javalambre massif (Teruel), and the Sierra de Guadarrama (Madrid). The former has been widely studied and described, and comprises a landscape dominated by calcareous rocks, while the second is restricted to a small valley in a siliceous mountain range, with the presence of both substrata. From this comparison we have obtained additional information that has allowed us to reach various syntaxonomical conclusions with regard to vegetation growing at that altitude.
MATERIALS AND METHODS
This study has been conducted in the upper altitudinal areas of two mountain ranges in central Spain as described above: the Sierra de Guadarrama in the Madrid region, and the Gúdar and Javalambre massif in Teruel.
The Sierra de Guadarrama is characterized by a granite and gneiss lithology, and has a typical Mediterranean, silicicolous flora. It also has intercalations of metamorphic and sub-volcanic carbonated rocks in the main Palaeozoic massif that cause these areas to have a particular flora at altitudes below 1200 m. However there is a tight band of dolomitic marbles with calcic silicate intercalations between glandular orthogneisses in the Artiñuelo valley from 1550 m to 2100 m. These basic outcrops are buried by morainic deposits and slope colluviums (PÉREZ BADIA & al., 1998) .
The average annual precipitation of the nearby meteorological stations in the Puerto de Navacerrada pass (1894 m) is 1330 mm, concentrated from early October to late May, usually in the form of snow; and the average annual temperature is 2.5°C. However, as a characteristic of this climate, the snow cover is not constant over this period of time, and vegetation is further influenced by ice and wind. There is also a pronounced drought season (less than 10% of total annual rainfall), typical of a Mediterranean territory.
The Gúdar and Javalambre massif is characterized by Triassic and Cretaceous calcic soils. Due to its rainy climate, there is an abundance of molasses and sandstones with low content of alkaline-earth carbonates which are decarbonated on the surface. Some siliceous sandstone rocks are found in this area, but at lower altitudes (RIVAS GODAY & BORJA, 1961) . Its particular flora is due to the Mediterranean climate with mild summers -although with harsh winters with snow and frosts-, average monthly precipitations of 31.25 mm, and average monthly temperatures of 6.7°C in winter and 17°C in summer (900 m).
LAZAROA 33: 43-50. 2012 For the vegetation study we took phytosociological relevés in the Sierra de Guadarrama in 2010 following the Braun-Blanquet method (BRAUN-BLANQUET, 1979) . For the vegetation of the Gúdar and Javalambre massif we used the phytosociological relevés of all plant communities described above 1700 m and published by RIVAS GODAY & BORJA (1961) .
We then analysed all these together (134 relevés and 408 species) using multivariable methods (DCA, Detrended Correspondence Analysis) with CANOCO 4.5 (TER BRAAK AND SMILAUER, 2002) .
For the nomenclature of taxa we referred to CASTROVIEJO & al. (1986 CASTROVIEJO & al. ( -2010 and TUTIN & al. (1964 TUTIN & al. ( -1993 ; for the moss species to SMITH (1996) and HOFMANN (1998) and for the lichen taxa to PURVIS & al. (1992) and the index fungorum (http://www.indexfungorum.org).
RESULTS
The first DCA exploratory analysis done on the large dataset of both localities ( Figure 1 ) showed a high environmental gradient for the first axis (20.620), separating six groups which very roughly correspond to five plant communities differing in floristic composition and habitat type. There is a large group of relevés in the centre of the diagram from Gúdar and Javalambre showing somewhat unclear relationships between its component relevés and the rest of groups, probably due to its size and the large environmental gradient obtained throughout the first axis of the DCA. In a second step we decided to extract and re-ordinate it. Figure 1 showed the main separation of groups along the first axis, although the second axis separated group three, as explained below: Group 1. This includes 22 relevés from the Gúdar and Javalambre massif. It is situated at the left of the diagram, close to coordinate 0. The relevés were classified by RIVAS GODAY & BORJA (1961) Group 2. This is a small uniform group of only seven relevés from the Gúdar and Javalambre massif that appears in the middle of Figure 1 . Relevés are rich in Melica minuta, Micromeria fruticosa or Jasonia glutinosa which have a preference for calcareous rocks. In addition we have also Tables 1 and 2 Group 5. This is a group of twelve relevés from the Gúdar and Javalambre massif. It is located at the lower right corner of the diagram (Figure 1) The large and heterogeneous group from the Gúdar and Javalambre massif that appears in the centre of Figure 1 was extracted together with group 4 from the Sierra de Guadarrama, with a total of 50 relevés. They were ordinated again by DCA (Figure 2) . The results showed five groups that were well-separated along the first two axes (Figure 2) . The first axis still showed a long ecological gradient (12.209) reflecting the different ecological situations of the relevés and the fact that this large group is composed of different plant communities: Group 1. This is a heterogeneous group formed by 10 relevés from Gúdar and Javalambre that were widely spread in the DCA. It is composed of relevés that are rich in species which grow in wide rock fissures, calcareous rocks and shrublands in stony soils.
In the case of groups 2 and 3, both from the summits, they do not show separation along the first axis but the second. Group 2 is from the Sierra de Guadarrama and group 3 is from Gúdar and Javalambre. They share some species such as Astragalus nevadensis subsp. muticus, Arenaria erinacea, Poa ligulata, Koeleria vallesiana and Dianthus pungens subsp. brachyanthus. Group 2. Formed by 12 relevés from the calcareous summit areas of Sierra de Guadarrama. It is located at the top of Figure 2 and is charac- Group 3. This is also a group of 12 relevés from the Gúdar and Javalambre summits. As mentioned above, it shares species with group 2 (see paragraph above) and both groups reflect the alpine plant communities on calcareous substrata. (Figure 2) .
Group 5. This also has a high number of relevés (20) corresponding to mown-grass communities from Gúdar and Javalambre. In the diagram it shows some overlapping with group 4, indicating the transition from Festuca hystrix grasslands to their present condition when correctly managed. They are rich in Cirsium acaule and Onobrychis viciaefolia, in addition to Phleum pretense, Scabiosa tomentosa, Brachypodium phoenicoides, Carex hallerana, etc.
DISCUSSION
The presence of dolomite marbles between the granite outcrops typical of a siliceous massif such as the Sierra de Guadarrama has given rise to a flora and thus to a type of vegetation that can be considered very specific to the central Iberian Peninsula, and particularly if we consider the situation of these marbles at altitudes of over 2000 m. The basophilous species that are found there may be related with the high-mountain flora of the nearest calcareous mountain, the Gúdar and Javalambre massif. This is the case of Astragalus nevadensis subsp. muticus, Teucrium expassum, Galium idubedae, Iberis saxatilis, etc. that are present in both localities, and with a restricted distribution in calcareous high-mountain areas above 1500 m (PÉREZ BADIA & al., 1989) .
Thus after the study and analysis of the relevés from both mountains, not only the flora but the vegetation proved to have some relationships (Figure 2). This is the case with groups 2 and 3, both from the highest altitudes of the two mountains, which showed no separation along the first axis. This fact may be related to a similar physiognomic type of plant community, but it is well separated along the second axis, reflecting the differences observed in vegetation growing in a different mountain range. Group 2 is from the Sierra de Guadarrama and group 3 from the Gúdar and Javalambre massif. They have some of these species in common, such as Arenaria grandiflora, Arenaria erinacea, Koeleria vallesiana, Poa ligulata, Bupleurum ranunculoides, Galium idubedae, Dianthus pungens subsp. brachyanthus and Astragalus nevadensis subsp.
muticus.
With regard to group 2 (Figure 2) we propose a new association: Festuco curvifoliae-Astragaletum mutici ass. nova hoc loco (Table 1 , holotypus inv. 5), led by Astragalus nevadensis subsp. muticus and Festuca curvifolia, the former a calcareous, suffruticose chamaephyte found in both ranges; the second a silicicolous grassland species that leads the psycroxerophilous high-mountain pastures of the Sierra de Guadarrama and has a geographical distribution restricted to siliceous ranges in central Spain. They are described as central Spain oro-and cryoromediterranean calcicolous grasslands with influence of silicicolous grassland species on cryoturbaded soils.We have included the new association in Festuco hystri- 
